Nitrogen (N), Phosphorus (P) and Potassium (K) are the major essential macro-nutrients for plants. The ability of soil bacteria to provide available forms of these nutrients to plants is an important feature in the bacterial strain used as a biofertilizer. In this study, fifteen isolates of Azotobacter spp were isolated. The efficiency levels of the N 2 -fixation were tested, the isolates reduced acetylene at rates of 6.348 -1381.023 nmoles C 2 H 4 /ml/day. The most active isolate was No. AZ 8 that identified as Azotobacter chroococcum MF135558. Twenty-one phosphate-solubilizing bacteria (PSB) were isolated and solubilization efficiency % (SE%) of each isolate was determined by spot inoculation technique. Five isolates (PSB 3, PSB 7, PSB 8, PSB 12 and PSB 14) were chosen due to their high solubilization efficiency % (SE%) 182. 35, 173.33, 222.22, 170.00 and 194.11 %, respectively. The five P-solubilizing bacteria were tested for their ability to solubilize P from tri-calcium phosphate and rock phosphate in liquid Pikovskaya's medium. The highest quantity of released phosphorus in actively growing culture was 36.52 mg/100 ml after 28 days of incubation and 1.095 mg/100 ml after 3 days of incubation on tri-calcium phosphate and rock phosphate, respectively by isolate PSB 14 which was identified as Klebsiella oxytoca MF135559. Five isolates of K-releasing bacteria (KRB) were isolated on Alexandroov's medium and were tested to release K from mica-muscovite. All the tested isolates can release potassium from mica but not in equal efficiency. The most efficient isolate namely KRB-2 could release 7.05 ppm after 6 weeks of incubation. It was identified as Rhizobium pusense MF135560.
INTRODUCTION
Chemical fertilizers provide essential nutrients for plants mainly nitrogen, phosphorus and potassium for increasing the yield, but they cause several health hazards. In recent years, bio-fertilizers have considered one of the best modern tools for providing nutrients to plants (Bhattacharjee and Dey, 2014) .
A bio-fertilizer is a substance, which contains living microorganisms that applied to seed, plant surfaces and\or soil, colonizes the rhizosphere or the interior of the plant and promotes growth by increasing the supply or availability of primary nutrients to the host plant (Vessey, 2003) .
Bio-fertilizers promote plant growth through nitrogen fixation, phytohormones, phosphate solubilization and potassium releasing (Bashan and de-Bashan, 2005) .
Nitrogen-fixing bacteria include symbiotic and free-living genera. The free-living, N-fixing bacteria, such as Azospirullum, Azotobacter and Pseudomonas that fix atmospheric nitrogen do not need a specific host plant. These free-living, N-fixing bacteria thrive within the plant. During the association, the invading bacteria benefit the acquired host with a marked increase in plant growth and yield (Bhattacharjee et al., 2008) .
The phosphate-solubilizing bacteria (PSB) can convert the insoluble inorganic phosphate compounds, such as tri-calcium phosphate, di-calcium phosphate, hydroxyapatite, and rock phosphate, to plant available forms. Many bacterial genera were reported to have Psolubilization activity such as Pseudomonas, Bacillus, Rhizobium, Burkholderia, Erwinia and Klebsiella (Rodríguez and Fraga, 1999; Yao et al., 2006 and Walpola et al., 2014) .
The Potassium-releasing bacteria (KRB) are able to release unavailable potassium and provide available forms to plant by secretion of organic acid (Han and Lee, 2006) . A wide range of bacteria namely Pseudomonas, Burkholderia, Acidothiobacillus ferrooxidans, Bacillus mucilaginosus, Bacillus edaphicus, B. circulans, Paenibacillus sp. and Rhizobium pusense have been reported to release potassium in accessible form from potassium-bearing minerals in soils. (Sheng, 2005; Liu et al., 2012 and Meena et al., 2015) .
Thus, this study focused on the isolation of efficient bacterial strains, which can fix nitrogen, solubilize phosphorus and release potassium.
MATERIALS AND METHODS

Soil samples
Representative rhizosphere soil samples were collected from fields planted with Corn, Rice, Wheat, Broad bean and Clover plants. For each crop, a mixed rhizosphere soil sample was pooled ready for microbiological analysis.
Isolation of Azotobacter spp.
Azotobacter spp. were isolated from Most Probable Number (MPN) tubes on modified Ashby's medium (AbdEl-Malek and Ishac, 1968) . For purification a loopful of the culture was transferred to 20 ml sterile tap water in a small bottle containing glass beads, mechanically shaken for 30 min to fragment the mucous around the cells, which usually carries contaminations to be used for streaking the agarized plates. Developed colonies were picked and repurified at least five times, till proving no contamination. Cultures were considered pure when microscopical examination revealed only typical Azotobacter and without contaminating organisms. Single colonies were transferred and kept in Ashby's agar slants.
Isolation of phosphate-solubilizing bacteria:
The phosphate-solubilizing bacteria were isolated using pouring plate technique (Pikovskaya's, 1948) . Plates were incubated at 30°C for 7 days. Phosphatesolubilizing bacteria were detected by clear zones around the colonies. Single colonies were picked up, purified and kept on Pikovskaya's agar slants.
Isolation of potassium-releasing bacteria:
The potassium-releasing bacteria were isolated using pouring plate technique (Zahra, 1969) . Plates were incubated at 30°C for 5 days. Transport, protuberant and mucoid colonies of potassium-releasing bacteria, having the shape of a tear were picked up, purified and kept on Alexandroov's agar slants.
Determination of Nitrogenase activity:
Nitrogenase activity was assayed using acetylene reduction technique (Hardy et al., 1973) .
Assay of water soluble phosphorus:
Solubilization efficiency (SE%) of phosphatesolubilizing bacteria was determined on Pikovskaya's agar medium. The solubilization of phosphate was observed as a zone of clearance with a diameter that was measured in mm according to the following formula (Srinivas and Hemalata, 2014) :
The chosen efficient bacteria were grown in 250 ml conical flasks each containing 100 ml sterile Pikovskaya's medium, tri-calcium phosphate and rock phosphate was added as a source of insoluble phosphorus at rate of 50 mg P/100 ml culture. The determination of water soluble phosphorus and pH values were carried out initially and after 3, 7, 14, 21 and 28 days of incubation. Water soluble phosphorus in culture media was determined colorimetrically by using spectrophotometer by the method of Boltz and Mellon (1948) modified by Hemalatha et al. (2013) .
Assay of water soluble potassium:
Hundred grams portions of acid washed sand were put in conical flasks of 250 ml capacities. Five grams of mica-muscovite as a K-source were then thoroughly mixed with the sand. Two ml of 48 hours old liquid culture of the tested bacterial isolate were transferred aseptically, and moisture content was raised to attain 60 % of the water holding capacity through adding aseptically the mineral solution, which consists of CaCl 2 , 0.1 g; MgSO 4 . 7H 2 O, 0.5 g; (NH 4 ) H 2 PO 4 , 1.0 g; H 2 MoO 4 .H 2 O, 0.001g; glucose, 5.0 g; FeCl 3 .H 2 O (1%), 10 drops: distilled water. The moisture was adjusted whenever needed throughout the course of incubation period. Potassium released from mica was determined initially and after 2, 4, 6, 8 and 10 weeks of incubation (Afify, 1982) . Water soluble potassium was determined in the water extract by shaking 10 g of mineralsand mixture with 100 ml of distilled water for 30 minutes. The suspension was filtered in which soluble potassium was determined by flame photometry (Jackson, 1967) .
Identification of the most efficient isolates:
Some morphological observations, staining properties and biochemical characteristics were applied to identify the bacterial isolates according to (Thompson and Skerman, 1979 , Woodward et al. 1979 and Panday et al., 2011 , also the partial sequencing of 16S rRNA for the bacterial isolates was done, the online program BLAST (http://www.ncbi.nlm.nih.gov/BLAST) was used in identifying the related sequences with known taxonomic information available at the databank of NCBI (Altschul et al.,1997 and Liang et al.,2011) .
RESULTS AND DISCUSSION
Isolation and efficiency of Azotobacter spp.:
Fifteen isolates of Azotobacter spp were isolated from Most Probable Number (MPN) tubes. The efficiency of N 2 -fixation differed between the isolates ( (Table 2) .
As for the mechanisms of phosphate bacterial solubilizing power, the five phosphate solubilizing bacteria were inoculated into Pikovskaya's liquid medium supplemented with tri-calcium phosphate or rock phosphate at the rate of 50 mg p per 100 ml culture media. Tables (3 and 4) show the changes in pH values for Pikovskaya's medium supplemented with tri-calcium phosphate and\or rock phosphate as influenced by the inoculation with phosphate-solubilizing bacteria. Generally, there was a rapid decrease in pH within the first 3 days of incubation indicating the activity of isolates in degrading the organic carbon source, i.e., glucose, of the culture media releasing organic acids. In case of tricalcium phosphate, the decrease in pH values is followed by a slight reduction and small fluctuations until the end of the experiment. In some instances, isolate PSB 3, PSB 7 and PSB 12 the pH tended to rise again. On the other side, on rock phosphate the decrease in pH is followed by a slight reduction up to the 7 th day of incubation then the pH tended to rise again within the last 7 days of the experiment and reaching a value most likely more than that of the initial. The reason for such rise in pH can be explained as due to a subsequent oxidation of organic acids produced in culture media and/or to the formation of natural substances (Hauka, 1986) . Tables (3 and 4 ) also show the changes in water soluble phosphorus values for the same medium but supplemented with tri-calcium phosphate and/or rock phosphate and inoculated with the phosphate-solubilizing bacteria. Both tri-calcium phosphate and rock phosphate were solubilized by phosphate-solubilizing bacteria but not in equal efficiency. The maximum release of soluble phosphorus from tri-calcium phosphate amounting 30. 83, 25.35, 26.98, 29 .64 and 36.52 mg p /100 ml culture media of the isolates of PSB 3, PSB 7, PSB 8, PSB 12 and PSB 14, respectively. On the other hand, the maximum release of soluble phosphorus from rock phosphate amounting 1.400, 2.082, 0.545, 0.371 and 1.095 mg p /100 ml culture media due to the isolates PSB 3, PSB 7, PSB 8, PSB 12 and PSB 14. The decrease in P content along with increasing the incubation period could be attributed to the utilization of P resulting in the fluctuating levels of P release. Moreover, availability of soluble phosphorus in the culture medium might also have an inhibitory effect on further phosphate solubilization. Excretory, toxic products may also responsible for such decline in P-solubilization (Hauka, 1986) . The highest quantity of released phosphorus in the culture was for the isolate PSB 14 that isolated from the clover field was selected for further experiments. The current findings agree with those obtained by Hemalatha et al. (2013) and Walpola et al. (2014) . Initial pH value = 7.0. Initial soluble P = 3.20 mg/100 ml. 
Isolation and efficiency of Potassium-releasing bacteria:
Five isolates of potassium-releasing bacteria had translucent, protuberant, mucoid and like tear eye colonies were isolated on Alexandroov's medium. Table  ( 5) indicate the evaluation of potassium amounts released from mica-muscovite due to the selected isolates of Potassium-releasing bacteria. Results showed that all the tested isolates can release potassium from mica but not in equal efficiency. The most efficient isolate namely KRB-2 that isolated from the rice field can release 7.05 ppm after 6 weeks incubation at 30°C, so it was used for the further experiments.
The obtained results agree with those obtained by Afify and Bayoumy (2001) who tested some bacterial strains isolated from rhizosphere have ability to release K, also Zhang and Kong (2014) who tested 27 KRB strains isolated from tobacco rhizosphere for their ability to release K, and reported that all the examined bacteria could release K but not in equal efficiency. The ability of the KRB in releasing k was ranged from 0.59 ppm to 4.4 ppm. 
Identification of the most efficient isolates:
Data in Table (6) show the morphological and biochemical characteristics of isolates AZ 8, PSB 14 and KRB 2. Certain tests were performed for each isolate and the obtained data showed that isolate AZ 8 cells were rods to ellipsoid shaped with cell dimensions (2-2.5 µm) × 3 µm, Gram-negative, capsulated, motile, non-spore forming, formed dark brown pigments in old cultures, catalase positive. Hydrolyzing starch, not hydrolyzing casein, can assimilate mannitol, glucose, fructose, maltose, sucrose, sorbitol and starch as a sole carbon sources. Isolate PSB 14 cells were rod shaped with cell dimensions (0.5-0.8 µm) × (2-3 µm), Gramnegative, non-motile, non-spore forming, catalase positive, not hydrolyzing starch, casein and lipids, positive for Indole and V. P. tests, can assimilate arabinose, fructose, galactose, glucose, maltose, mannitol, xylose, sucrose and sorbitol as a sole carbon sources, cannot assimilate lactose as a sole carbon source. Isolate KRB 2 cells were rod shaped with cell dimensions (0.5 µm) × (1-1.5 µm), Gram-negative, nonmotile, non-spore forming, catalase positive, not hydrolyzing starch, casein and lipids, can assimilate glucose, galactose, fructose, mannose, arabinose, maltose. Mannitol, sorbitol and xylose as a sole carbon sources. According to the morphological, biochemical characteristics and 16S rRNA sequence analysis (Macrogene Comp., Korea), the isolates showed close proximity with Azotobacter chroococcum MF135558, Klebsiella oxytoca MF135559 and Rhizobium pusense MF135560 (Table 7) according to the GeneBank database were achieved in BLASTN searches at the National Center for Biotechnology Information (NCBI) site (http://www.ncbi.nlm.nih.gov). 
